The Robert RobinBon Laboratorie8, Univer8ity of Liverpool (Received 26 May 1966) Human urine is shown to contain, in a conjugated form, a compound ofmolecular formula CioH18O2, which is named uroterpenol. Details are reported of the isolation procedure, the preparation of derivatives and the chemical and physical properties, together with a proof that the compound is p-menth-l-ene-8,9-diol.
The work reported in this paper was initiated by the finding of a large amount of a sulphuric acid chromogen in the urine of a 41-year-old girl who showed signs of excessive androgen activity in the form of hirsutism. The spectrum of the sulphuric acid solution showed a maximum at 430m,t similar to that shown by 5fl-pregnane-3oc,20a-diol (pregnanediol) . The urine fraction containing this chromogen was also the fraction that would contain pregnanediol, but acetylation of the material and chromatography on alumina (Klopper, Michie & Brown, 1955) showed that the amount of pregnanediol present was normal. The sulphuric acid chromogen was therefore not pregnanediol. The amount of unknown substance excreted in the child's urine, expressed in terms of pregnanediol, varied between 8 and 20mg./day. It was therefore important to determine the nature of this material, because of its possible connexion with hirsutism. The same material has been found in the urine of children suffering from congenital adrenal hyperplasia, as communicated in a preliminary report (Edwards & Wade, 1965) .
EXPERIMENTAL AND RESULTS
Melting points are uncorrected.
Thin-layer chromatography. Silica gel G (E. Merck A.-G., Darmstadt, Germany) was used for all thin-layer chromatography. The solvent systems were mixtures of ethyl acetate and benzene, as follows: (1) 3:2 (v/v); (2) 2:3 (v/v); (3) 1:9 (v/v). Uroterpenol and its derivatives were detected by spraying with one of the following reagents, (a) and (b) being heated for 5min. at 90-100°, (c) being used at room temperature: (a) phosphotungstic acid (15%, w/v) in ethanol, which gives a yellow spot turning blue on a white background; (b) acetic acid-ethanol-conc. H2S04-anisaldehyde (50:50:10:1, by vol.) (anisaldehyde reagent), which gives a pink spot turning green; (c) aqueous permanganate containing KMnO4 (1%, w/v) and Na2CO3 (6%, w/v), giving a yellow spot on a pink background.
Ga8-liquid chromatography. For analytical work, a Perkin-Elmer F11 instrument was used in conjunction with a capillary column (lOOft. long) packed with polyethylene adipate, at 1200, with N2 at 8-101b./in.2 as carrier gas.
For attempted preparative separations a Wilkins Aerograph Autoprep A-700 was employed in conjunction with a flame ionization detector and a column (20ft. longx 0-37in. diam.) packed with Celite (45-60 mesh) with a 30% coating of SE33 and used at temperatures in the range 150-250°and with pressures of carrier N2 in the range 15-251b./in.2.
Spectra. Ultraviolet absorption was measured in a Unicam SP.500 spectrophotometer and infrared spectra were obtained from films or KBr disks with a Perkin-Elmer 125 spectrophotometer. iH nuclear-magnetic-resonance (n.m.r.) spectra were measured with a Varian A-60 instrument. Mass spectra were determined with an MSE doublefocusing spectrometer operated at 70ev and by the directinlet technique.
I8olation of uroterpenol from urine. Estimation of uroterpenol in urine by the anisaldehyde reagent (Edwards & Wade, 1965) showed that individuals differed considerably in the amount excreted. Normal male urine containing at least lOmg./24hr. was used for the isolation of the compound. It was collected without preservative.
Originally, the isolation procedure consisted of: (1) extraction of conjugates from urine; (2) hydrolysis of glucuronides; (3) separation into ketones and non-ketones by using Girard reagent T; (4) chromatography of the nonketones on Florisil and elution with chloroform containing methanol (2%, v/v); (5) chromatography on silica and elution with benzene containing ethyl acetate (40%, v/v); (6) partition chromatography on Celite with the system light petroleum (b.p. 80-100°)-methanol-water (25:24: 1, by vol.); (7) purification by high-vacuum distillation. The compound was located at each step by thin-layer chromatography.
Subsequently the Girard separation and all column chromatography was replaced by partition between benzene and water with greatly increased efficiency and '727 convenience. The final method of isolation was as follows.
Urine (21.) was adjusted to pH3-0 with conc. HCl, (NH4)2SO4 was added (50g./lOOml.) and the conjugates were extracted into ether-ethanol (3:1, v/v) (2 x 0.5vol.) (Edwards, Kellie & Wade, 1953) . The combined extracts were filtered and evaporated to dryness under reduced pressure in a rotary evaporator. Ten such extracts were combined for enzyme hydrolysis, dissolved in 0 5M-acetate buffer, pH4.0 (500ml.), and incubated with limpet ,-glucuronidase (2g.; 2 x 106 units) for 18hr. at 37'. The hydrolysate was extracted with ethyl acetate-ether (1:1, v/v) (2 x 3vol.), and the combined extracts were washed with N-NaOH (2 x 300 ml.) and water (3 x 300ml.), dried with Na2SO4 and evaporated to dryness.
The residue was dissolved in benzene (200ml.) and the solution extracted thoroughly with water (3 x 600ml.). The combined water fractions were extracted with methylene dichloride (2 x 900 ml.), which was dried and evaporated to dryness.
Final purification was by chromatography on thin layers of silica gel. Dissolved in benzene, the material was divided between ten plates (each 20cm. x 20 cm.) and applied as a strip. The plates were developed in solvent system (1), and the compound was located by spraying a strip 0-5cm. wide down the centre of each plate with one of the reagents. The compound was recovered from the appropriate area by shaking the silica with methanol-ethyl acetate (1:1, v/v). Rechromatography under the same conditions gave an eluate showing only a single spot when chromatographed. Evaporation of the eluent to dryness gave a pale-yellow gum, which could not be crystallized but which was employed for chemical work. For spectroscopy and other analytical purposes the material was distilled in a sublimation apparatus at 55-60I/0-2 mm., giving uroterpenol (I; To a benzene solution of uroterpenol (4-Oml. containing 10-15mg.) was added acetic anhydride (2-0ml.) and a few drops of pyridine. The mixture was left overnight at 250. Ice-cold water (9 ml.) was added and the derivative extracted with ethyl acetate (2 x 15ml.). The extract was washed first with 2N-HCI, then with saturated NaHCO3 and water, dried with Na2S04 and evaporated to dryness. The residual gum was purified by thin-layer chromatography with solvent system (2), and gave uroterpenol monoacetate (I; R= acetyl) as a pale-yellow gum, which could not be crystallized (Found: C, 68-3; H, 9-3. C12H2003 requires C, 67-9; H, 9.5%). The mass spectrum is described in Fig. 1 and Scheme 1. The acetate was reconverted into the diol by dissolving it in methanol (2ml.), adding saturated aq. NaHCO3 solution (0.2ml.) and leaving the mixture overnight at 37°. After the addition of water (8ml.), the product was isolated with ether (2 x 20Oml.) and identified as uroterpenol by chromatography and infrared spectroscopy. (ii) The foregoing experiment was repeated but with toluene-p-sulphonic acid instead of pyridine. The product was purified by thin-layer chromatography in solvent system (3), giving uroterpenol diacetate as a gum transparent in the 3,.u region of the infrared spectrum (Found: C, 66-2; H, 9-0. C14H2204 requires C, 66-1; H, 8-7%). Hydrolysis as for the monoacetate yielded uroterpenol.
Uroterpenol p-nitrobenzoate (I; R=p-nitrobenzoyl). Uroterpenol (20mg.) was dissolved in pyridine (1Oml.) and p-nitrobenzoyl chloride (30mg.) was added. The solution was left overnight at 25°, then diluted with ice-cold water (20ml.) and left for 2-3hr. to destroy any remaining reagent. The crude derivative was collected into ether (50ml.) and the solution, after being washed with aq. 2N-HOl, saturated NaHCO3 solution and water, was dried and the ester recovered by evaporation. This ester was purified on a thin layer of silica gel (solvent system 3), located by u.v. light (240m,u) N, 4-4%). Details ofthe mass spectrum are given in Table 2 .
I-Acetyl-x-methy1cyclohexenes. The oxidations described below were thought to yield an acetylmethylcyclohexene, and a number of such compounds were prepared for reference purposes. Conversion of 2-, 3-and 4-methylcyclohexanones (VIII) into the corresponding 1-ethynylcyclohexan-l-ols (IX) and thence into the related 1-acetylx-methylcyclohexenes (Xa-e) was effected by known methods (Rupe, 1931 (Rupe, ,1933 . Preparedinthisway, l-acetyl-4-methylcyclohex-1-ene (Xa) was shown by gas-liquid chromatography and n.m.r. methods to be pure, but this was not the case for the 3-and the 2-methyl isomers. According to Rupe (1931 Rupe ( , 1933 , fractional crystallization of the semicarbazones followed by hydrolysis suffices to separate I-acetyl-3-methylcyclohex-1-ene (Xb) from 1-acetyl-5-methylcyclohex.1-ene (Xc), but we could obtain only the latter in a pure state by this method, what has before been described as the 3-methyl isomer now being shown by analytical gas-liquid chromatography and n.m.r. spectroscopy to be a mixture containing about 34% of the 5-methyl isomer. On the preparative scale, the separation of the two isomers by gas-liquid chromatography was unsatisfactory. Obtained similarly, 1-acetyl-2-methylcyclohex.1-ene (Xd) was found to contain about 12% of 1-acetyl-6,-methylcyclohex-1-ene (Xe), and again attempts to separate the isomers failed on the preparative scale. Retention times are listed in Table 3 . I-Acetyl-x-methyleyclohexane8 (XI). Hydrogenation of I.acetyl-4-methylcyclohex-1-ene (1g.) was completed in 15min. by shaking the solution in methanol containing palladium-on-charcoal (10%, w/w) (01g.) under H2 at ordinary temperature and pressure. Removal of the catalyat and solvent left I-acetyl.4-methylcyclohexane (VII) as an oil (0 6g.), giving the 2,4-dinitrophenylhydrazone, which crystallized from methanol as deep-orange plates, m.p. 131-133°, giving the mass spectrum shown in Fig. 2 (Found: C, 56 1; H, 6-4. C15H20N404 requiresA,, 5662; H, 6.3%), and the semicarbazone, which, had m.p. 158-1590 (literature 1590 or 1750) (Found: C,,60-6; H, 9-6. Calc. for C0oHjqN30: C, 60*9; H, 9.7%).
Hydrogenation of the appropriate (mixtures of) olefinic isomers gave 1-acetyl-3-methylcyclohexane as an oil, yielding the semicarbazone, m.p. 165-1669 (Found: 0, 61.1; H, 9-9. Calc. for CjoHjqN30:,C, 60-9; H, 9.7%).
For this compound earlier reports give m.p. 174-175'., A similar hydrogenation furnished I-acetyl-2.methylcyclohexane, which supplied a semicarbazone, m.p. 171-1730, in agreement with previous reports (Found: C, 60x7; H, 9 7. Calc. for C00Hj9N30: C, 40 9; H, 9.7%). In gasliquid-chronatographic analyses all three acetylcyclohexanes behaved as pure single substances. Under the conditions used the 2-and 3-methyl isomers behaved similarly whereas the 4-methyl isomer was widely different (see Table 3 ).
Oxidaion of uroterpenol. (a) Production offormaldehyde.
Uroterpenol (10-20 pg.) in acetic acid (0 1 ml.) was treated with 3mM-HI04 (1.4ml.) during lhr. and then 40% (w/v) (0.5ml.) and pyridine (0.5ml.) was oxidized by the reagent (0.5ml.) for 18hr. at 25°and the excess of reagent was destroyed by being shaken for 15min. with a saturated solution of citric acid in ethanol (2 ml.). After the addition of aq. N-H2SO4 (5 ml.) the organic products were extracted into methylene chloride (lOml.) and washed with dilute NaOH and water. Chromatography with solvent system (3) and sprays (a) or (c) gave one major band and several minor bands. Elution of the main band with ethyl acetatemethanol (1:1, v/v) and evaporation of the solvent left a small quantity of an oil, shown by gas-liquid chromatography (retention time 258sec.) to differ from all the acetylmethylcyclohexenes except 1-acetyl-6-methylcyclohexene and by the infrared spectrum (v..1. 1705cm.-') to differ from this also. On treatment with aqueous-ethanolic 2,4-dinitrophenylhydrazine the oil yielded 4-acetyl-1-methylcyclohexene (VI) as the 2,4-dinitrophenylhydrazone, which crystallized from aqueous methanol as prisms, m.p. 118-120', identified by the mass spectrum (Fig. 3) and an accurate mass determination on the parent ion, which gave a value of 318-133669 (C15H18N404 requires 318.132796).
Dihydrouroterpenol. When a solution of uroterpenol (25mg.) in methanol (5 ml.) containing palladium-oncharcoal (10%, w/w) was shaken under H2 at 20°/760mm., absorption ceased after the uptake of 3-3ml. of H2 (cale. for 1 double bond, 3-5ml.). Filtration and evaporation supplied dihydrouroterpenol as a gum characterized chromatographically and spectroscopically: in particular, the mass spectrum was related to that of uroterpenol in the requisite fashion, e.g. the most important fragments were of nominal masses 141 and 123, the latter being formed from the former as evidenced by a metastable peak at 107-4 (compare Table 1 ). The method used for uroterpenol afforded a p-nitrobenzoate, which did not crystallize. However, the mass spectrum was closely related to that of the uroterpenol ester, showing an appropriate series of significant bands shifted to higher nominal masses by 330 UROTERPENOL FROM HUMAN URINE 2 units. Moreover, the n.m.r. spectrum of the ester showed an absence of vinylic resonances and the presence of a four-proton multiplet at T1-85 (aromatic hydrogen), a two-proton band at T5-73 (side-chain methylene) and a three-proton band at T8-79 (side-chain methyl). But the band at T9-1 was more complex than the doublet appropriate to the ring methyl group, and so the reduced diol is probably a mixture of diastereoisomers, and the failure of the nitrobenzoate to crystallize is probably a consequence of this fact. Thin-layer chromatography failed to separate the isomers.
Oxidation of dihydrouroterpenol. Dihydrouroterpenol (20mg.) was oxidized by tert.-butyl chromate as described for uroterpenol. Chromatography on silica showed that only one ketone was produced, and this was identified as I-acetyl-4-methylcyclohexane by comparisons in gasliquid chromatography with the authentic ketone. The 2,4-dinitrophenylhydrazone was identical with an authentic specimen according to mixed m.p. determinations, chromatographic behaviour on silica and mass-spectral fragmentation patterns (Fig. 2) .
Structural elucidation. Uroterpenol has structure (I; R= H). It has the molecular formula C,0H,802 determined analytically on the gummy parent and on its derivatives, notably the crystalline p-nitrobenzoate, and confirmed by the mass spectra, e.g. Quantitative micro-hydrogenation established the presence in uroterpenol of one double bond, and infrared absorption at 789 cm.-l (absent after hydrogenation) indicated that this is trisubstituted. One of the substituents is a methyl group as demanded by a three-proton band at T8-35 in the n.m.r. spectrum of the parent compound, which also shows that there is only one vinylic hydrogen atom (T4.6), this suffering an ill-defined splitting most easily understood as originating from an adjacent (ring) methylene group. The structure of uroterpenol must therefore include grouping (III), and this must include one ring to account for the hydrogen content ofthe molecule.
The n.m.r spectra contained one more distinctive feature: a three-proton band appearing at r9-0 in the spectrum of the diol and at 78.75 in that of the p-nitrobenzoate, and this must correspond to a quaternary methyl group. This can most easily be incorporated by combining it with expression (II), so producing expression (IV), the clearest evidence for which is the mass spectra of the acetate (Scheme 1 and Fig. 1 ) and the p-nitrobenzoate ( containing the hydroxyl group, but that can be understood since the ion may readily be formulated as ions such as (V), which would undoubtedly have additional stability. A second feature of the mass spectra is the strong tendency for fission into fragments from C7H11 to C7H7, the first being the expected complement of the ion of nominal mass 117 and the others representing its expected descent into the tropylium ion. However, structure (I) is only one of several that satisfactorily combine expressions (III) and (IV) and the residue, methane.
Finally, uroterpenol was shown to belong to the pmenthane series. Glycol fissions of uroterpenol appeared to be complex when periodate or bismuthate were the reagents. However, oxidation by tert.-butyl chromate gave essentially one compound, chromatographic analysis of which suggested that it was the expected ketone (VI), but, because of the lack of material, this was isolated as the 2,4-dinitrophenylhydrazone and identified by, the mass spectrum (Fig. 3) [which was very closely similar to that of the 2,4-dinitrophenylhydrazone 'of ketone (Xa)] ana by accurate mass determinations on the parent ion. On the other hand, the oxidation of dihydrouroterpenoi smoothly led to 1-acetyl-4-methylcyclohexane (VII), identified with authentic material by several independent methods, thus completing the proof that uroterpenol has structure (I; R=H).
DISCUSSION
So far as we are aware, uroterpenol is the first monoterpene to have been isolated from human urine and fully identified. It appears to be excreted as a conjugate with glucuronic acid since the unconjugated compound appears only after enzymic hydrolysis and no significant amount of the free compound is found in urine.
The finding of the compound in the urine of a child with hirsutism suggested a steroidal nature, but few reactions characteristic of a steroid could be demonstrated. When sufficient material had been accumulated and its n.m.r. spectrum determined, its non-steroidal nature became obvious and a detailed investigation then established that the aglycone is a diol (I; R = H) formally derived from p-menthane.
The isolation of a monoterpene from human urine poses a question of origin. The compound might be synthesized by the body, but there is no previous record of such a process. On the other hand, terpenes are commonly found in essential oils, extracts of citrus fruits and a variety of herbs and plants (Williams, 1959) , and so it must be assumed that terpenes are continually being absorbed and metabolized by man. It is therefore significant that the structure of uroterpenol is closely related to that of limonene (XII), a monocyclic terpene especially plentiful in citrus fruits. Gray, Hellman, Lunnon & Weiner (1955) found in human urine, and also in the pulp and peel of citrus fruits, a substance they designated X6, which interfered with tho estimation of aldosterone. The excretion of this substance, a non-sterqid, was increased after the ingestion of orange juice, but X6, which has been shown to be an afl-unsaturated ketone, is clearly different from uroterpenol. Holness & Gray (1958) suggested that X6 might be a sesquiterpene, though no final conclusion was reached. Clearly, however, human urine is likely to contain numerous metabolites derived from terpenes, although we have made no further search for them.
Little is known in detail about the metabolism of terpenoid hydrocarbons. In rabbits, p-menthene (XIII) forms a conjugate with glucuronic acid, showing that oxidation can take place in vivo (Hamalainen, 1912) . It might be supposed therefore that limonene can be hydroxylated and eliminated from the body after conjugation with glucuronic acid. Preliminary evidence that this may occur has been obtained. The ingestion of an aqueous homogenate of whole lemon, shown chromatographically to contain limonene, led to a considerably raised excretion of uroterpenol. In contrast, the ingestion of concentrated orange juice (Ulster Vitamins Ltd.), in which limonene was not detected, caused no rise. (Extract of whole orange has not yet been examined.) It is therefore possible that urinary uroterpenol originates from dietary limonene.
